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HYDROSILATION WITH PLATINUM FREE
NEAT COPPER CONTAINING CATALYST

FIELD OF THE INVENTION 5

This 1nvention 1s related to hydrosilation processes in
which organosilicon hydrides are caused to react with ole-
finic halides using certain inorganic catalysts.

BACKGROUND OF THE INVENTION 10

It 1s known to react certain silicon hydrides with olefinic
halides using catalysts containing copper to prepare
organosilanes, 1.e., T. Sukawa and N. Furuya, Journal of
Organometallic Chemistry, (1975) Volume 96 (1). Thus,
according to Sukawa, such a reaction proceeds as follows:
C1,SiH+H,C=CHCH, Cl+(C,H);N+CuCl—=Cl;SiCH,C
(CH,)=CH,+C1,SiCH,CH=CHCH,+(C,H),N HCI.

However, Sukawa fails to disclose using organosilicon
hydrides such as trialkylsilanes R,SiH, or alkoxyalkylsi-
lanes such as R,(RO)SiH and R(RO),SiH, where R is an =
alkyl group having 1-20 carbon atoms, in place of the
trichlorosilane. Thus, in the present invention, organosilicon
hydrides such as triethylsilane are reacted with olefinic
halides such as allyl chloride, using neat copper containing
catalysts, to prepare organosilicon compounds such as
3-chloropropyltriethylsilane. The reaction proceeds gener-
ally according to the equation: (C,H/),SiH+
H,C=CHCH,Cl+CuCl (neat)—(C,Hs);SiCH,CH,CH,CI.
Neat catalysts are required because of the tendency of
tertiary amines to be reactive with certain silanes.

While U.S. Pat. No. 6,177,585 (Jan. 23, 2001) shows
hydrosilation reactions for preparing organosilicon com-
pounds using (1) triethylsilane as the silicon hydride, (i1)
allyl chloride as the unsaturated reactant, 1.€., the olefinic
halide, and (iii) catalysts containing copper as surface seg-
regating metal components of the catalysts, the catalyst in
the ’585 patent contains platinum as the actual active
hydrosilating metal.

15

25

30

35

In contrast to the 585 patent, however, according to the ,j,
present invention (1) triethylsilane is reacted with (i1) allyl
chloride using (ii1) neat copper containing catalysts that are
free of platinum for the preparation of organosilicon com-
pounds such as 3-chloropropyltriethylsilane. The particular
type of catalyst (1i1) that is used 1in this mnvention is required 45
because of the discovery that the hydrosilation of olefinic
halides such as allyl chloride with =S1H compounds using
platinum containing catalysts can result in forming undes-
ired by-products such as n-propylsilane, rather than desired
products such as chloropropylsilane. 50

The reason this occurs 1s believed to be that allyl chloride
decomposes 1n the presence of platinum metal to form
propylene, which then undergoes hydrosilation to the undes-
ired by-products including n-propylsilanes. Thus, platinum
catalysts are capable of causing 1somerization of terminal 55
C=C bonds 1n olefinic halides to internal C=C bonds, ¢.g.,
hexadiene, allyl chloride, and 1,3-butadiene, and result in
the formation of undesired by-products.

The advantage of using a platinum free copper containing,
catalysts 1s that undesired by-products are eliminated. In 60
particular, therefore, the prior art fails to disclose using neat
platinum free copper containing catalysts as the active
hydrosilating metal 1n the hydrosilation process.

SUMMARY OF THE INVENTION

This invention 1s directed to a hydrosilation process in
which an organosilicon hydride 1s reacted with an olefinic

65

2

halide 1n the presence of a catalyst. The 1mprovement
consists of using a neat platinum free copper containing
catalyst.

Organosilicon hydrides such as triethylsilane, olefinic
halides such as allyl chloride, and catalysts such as copper
acetate, copper chloride, copper sulphate, copper hydroxide,
copper nitrate, and copper cyanide, can be used 1n the
Process.

These and other features of the mvention will become
apparent from a consideration of the detailed description.

DETAILED DESCRIPTION OF THE
INVENTION

Hydrosilation 1s a reaction involving the addition of a
silicon hydride to unsaturated hydrocarbons to form silicon-
carbon bonds. It 1s a process used to commercially prepare
various organofunctional silicon monomers, to crosslink
silicone polymers, and to connect various silicon containing
structural units to organic polymer blocks for forming
copolymers. One simplified example 1s hydrosilation of
a.-olefins with silicon hydrides according to the reaction:
=S1H+CH,—=CH—R—»=S1CH,CH,—R.

Organosilicon hydrides suitable for use according to the
present invention are compounds generally corresponding to
the formula R,SiH wherein R 1s an alkyl group containing
1-20 carbon atoms such as methyl, ethyl, isopropyl, t-butyl,
octyl, decyl, and n-octadecyl. R can also represent alkoxy
oroups or alkoxyalkyl groups such as methoxy, ethoxy,
butoxy, methoxymethyl, ethoxymethyl, methoxyethyl,
cthoxyethyl, and ethoxypropyl; or R can be a cycoalkyl
group such as dicyclopentylmethyl, cyclopentyldimethyl,
dicyclohexylmethyl, or cyclohexyldimethyl.

Some representative examples of organosilicon hydrides
are t-butyldimethylsilane, dicyclopentylmethylsilane,
dicyclohexylmethylsilane, dicyclobutylethylsilane,
diethylmethylsilane, ethyldimethylsilane,
n-octadecyldimethylsilane, tri-t-butylsilane, triethoxysilane,
tricthylsilane, triisopropylsilane, trimethoxysilane,
trimethylsilane, trioctylsilane, and tri-n-propylsilane.

Olefinic halides suitable for use herein are exemplified by
compounds such as allyl chloride, 3-chloro-1-butene,
1-chloro-3-methyl-2-butene, 3-chloro-2-methylpropene,
and vinyl chloride.

The preferred catalyst according to this invention 1s a neat
platinum free copper containing catalyst which can be
exemplified by compounds such as copper acetate, copper
chloride, copper sulphate, copper hydroxide, copper nitrate,
and copper cyamide. The term neat, for purposes of this
invention, 1s intended to mean that the copper containing
catalyst 1s used 1n 1ts undiluted form. Thus, the copper
containing catalyst 1s not dissolved, dispersed, combined
with, or mixed with another substance or mngredient 1includ-
ing (1) nonpolar hydrocarbon solvents such as benzene,
toluene, and xylene; (ii) polar solvents such as water,
glycols, and esters; (iii) tertiary amines; or (iv) carriers.
Thus, the copper containing catalyst should be used 1n its
substantially pure form.

The relative amount of organosilicon hydride and olefinic
halide used according to the invention can be varied. While
one unsaturated carbon-carbon linkage per silicon bonded
hydrogen atom 1s stoichiometric, there 1s no requirement
that the reaction be carried out under stoichiometric condi-
tions. It 1s preferred that the reaction be conducted using a
stoichiometric excess of the organosilicon hydride. Most
preferred, therefore, 1s to carry out the reaction using about
a 0.1-10 percent stoichiometric excess of the organosilicon

hydride.
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Contact between the organosilicon hydride, the olefinic
halide, and the neat platinum free copper containing catalyst,
can occur at a temperature between 0-350° C., preferably

between 60-250° C., and most preferably at a temperature of
about 200° C.

The optimum reaction time 1s variable depending upon
the reactants, the reaction temperature, and the concentration
of the catalyst. Ordinarily, there 1s no benefit 1n extending
the contact time of the reactants beyond about 48 hours, but
likewise there 1s usually no harm, unless extremely elevated
temperatures are employed. With most of the particular
reactants used herein, practical quanfitative yields can be
obtained about 45 hours.

The reaction can be carried out at atmospheric, sub-
atmospheric, or super-atmospheric pressure. Here again, the
choice of conditions 1s largely a matter of logic, based upon
the nature of the reactants, and the equipment available.
Non-volatile reactants are especially adaptable to being
heated at atmospheric pressure with or without a reflux
arrangement. Reactants which are gaseous at ordinary tem-
peratures are preferably reacted at substantially constant
volume under autogenous or induced pressure. The best
results are obtained by maintaining all reactants in the liquid
phase.

The following example 1s set forth 1n order to 1llustrate the
invention 1n more detail. In particular, 1t was found that at
200° C. and in about 45 hours, triethylsilane reacted with
allyl chloride, 1n the presence of a neat platinum free copper
containing catalyst, to yield quantitatively, the compound
3-chloropropyltriethylsilane.

The results and the data determined under these reaction
conditions are shown in Table 1. In Table 1, Et ;SiH repre-
sents triethylsilane, CIPrSiEt; represents the desired end
product 3-chloropropyltriethylsilane, and GC represents Gas
Chromatography, the analytical method used for making
these determinations.

EXAMPLE 1

A master solution was prepared containing 4 gram/0.034
mole of triethylsilane and 3.12 gram/0.04 mole of allyl
chloride. Each reaction was carried out using 0.6 gram of the
master solution. The reaction with each of the copper
catalyst was conducted 1n a ten inch PYREX® glass tube
with an outside diameter of 12 millimeter. The copper
catalyst was added to the glass tube. A pipette was used to
add the master solution necessary to establish the mole ratio
of copper catalyst/tricthylsilane as shown in Table 1. The
glass tube was cooled 1n an ice bath containing dry ice and
1sopropyl alcohol. The glass tube was sealed and heated to
about 200° C. for about 45 hours. Heating was discontinued,
the glass tube was cooled 1n the ice bath, and opened. The
reaction mixture present 1n the glass tube was analyzed by
Gas Chromatography (GC), and the GC results were
reported as GC area percent.
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TABLE 1
Mole Ratio of GC Area GC Area

Copper Catalyst to  Percent of Percent of
Copper Catalyst Et,S1H CIPrSi1Et; Unreacted Et;S1H
Copper Chloride 2.6 x 1077 77.8 0
Copper Acetate 2.6 x 107~ 82.6 0
Copper Sulphate 2.6 x 107~ 26.0 40.9
No Catalyst N/A 20.0 48

Table 1 shows that copper catalysts, especially copper
chloride and copper acetate, and copper sulphate, are effec-
tive 1n catalyzing the hydrosilation of allyl chloride with
triethylsilane, at 200° C. for 45 hours, yielding quantita-
tively 3-chloropropyliriethylsilane.

Other variations may be made 1in compounds,
compositions, and methods described herein without depart-
ing from the essential features of the invention. The embodi-
ments of the invention specifically illustrated herein are
exemplary only and not intended as limitations on their
scope except as defined 1n the appended claims.

What 1s claimed 1s:

1. In a hydrosilation process in which an organosilicon
hydride 1s reacted with an olefinic halide 1n the presence of
a catalyst, the 1mprovement which comprises the catalyst
being a neat platinum free copper containing catalyst.

2. The process according to claim 1 1n which the orga-
nosilicon hydride 1s a compound having the formula R,SiH
in which R 1s an alkyl group containing 1-20 carbon atoms,
an alkoxy group, an alkoxyalkyl group, or a cycloalkyl
group.

3. The process according to claim 2 in which the orga-
nosilicon hydride 1s a compound selected from the group
consisting of t-butyldimethylsilane,
dicyclopentylmethylsilane, dicyclohexylmethylsilane,
dicyclobutylethylsilane, diethylmethylsilane,
cthyldimethylsilane, n-octadecyldimethylsilane, tri-t-
butylsilane, triethoxysilane, triethylsilane,
trizsopropylsilane, trimethoxysilane, trimethylsilane,
trioctylsilane, and tri-n-propylsilane.

4. The process according to claim 1 1n which the olefinic
halide 1s a compound selected from the group consisting of
allyl chloride, 3-chloro-1-butene, 1-chloro-3-methyl-2-
butene, 3-chloro-2-methylpropene, and vinyl chloride.

5. The process according to claim 1 1n which the neat
platinum free copper containing catalyst 1s a compound
selected from the group consisting of copper acetate, copper
chloride, copper sulphate, copper hydroxide, copper nitrate,
and copper cyanide.

6. The process according to claim 1 in which the orga-
nosilicon hydride is triethylsilane, the olefinic halide 1s allyl
chloride, and the catalyst 1s copper acetate or copper chlo-
ride.
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